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Article history: A corticosterone model was used to study the effects of chronic and repeated stress during the rearing phase
Received 21 November 2008 on physiology, the onset of lay and performance of laying hens in the subsequent laying period. Two hundred
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> and seventy Hy-line brown layer pullets were reared in environmentally controlled battery cages. At 7, 11,
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and 15 weeks of age birds were exposed for 1 week to the following treatments in drinking water: corticos-
terone dissolved in ethanol, ethanol, or untreated water. One week following each treatment, and at 35 weeks

g?;g:gg;mne of age endocrine, metabolic and haematological tests were conducted. Body weight was measured throughout
Repeated exposure the study, and egg production was recorded daily throughout the laying period.

Rearing chicken Plasma corticosterone levels and heterophil to lymphocyte (H/L) ratio were increased after each corticosterone
Laying hen delivery, showing the effectiveness of the treatment. When corticosterone delivery was interrupted, plasma
Physiological response corticosterone and H/L ratio were significantly reduced. Exposing birds to repeated and long-term corti-

costerone treatment significantly affected BW (P<0.01), and relative organ weights (P<0.01). Corticosterone
delivery also resulted in increased blood levels of glucose (GLU), cholesterol (CHOL), and triglyceride (TRG).
Administration of corticosterone during the rearing phase delayed the onset of lay and decreased egg
production at 35 weeks of age. These results demonstrate that oral corticosterone treatment affects hen physi-
ology, reduces performance, and may model the effects of production stressors.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction birds reared under commercial conditions. Such birds are introduced
to various stress such as repeated restraint (i.e., weighing, vaccination,

For many years, researchers have investigated the effects of a3 movingto the layer shed etc.), and a variety of environmental changes.
variety of environmental factors on behavioral, physiological and per-  These stressors induce physiological changes that perturb endocrine,
formance responses of birds. From these studies it has been shown immune and metabolic homeostatic and allostatic mechanisms, and
that conditions such as climatic [13,]5,27,32], nutritional [11,14] social may impact on their growth and development during rearing [4v5']2].
[2,15], and biological [15,27,29], as well as experimentally elevating  Such mechanisms can also affect the physiology of hens, particularly
circulating corticosterone [3,4,9,10,17,20,29,33] induce in poultry a  the onset of lay and egg production in the subsequent laying phase

state of stress response associated with an increased plasma [6,35].
corticosterone concentration, and a number of modifications to In the present study we investigate the effects of repeated oral
metabolic [4,12,24,29], physiological [17,20,21,29,33] and immunolo-  corticosterone administration in birds during the rearing phase on

gical functions [9,11,13,14,26,28,29,32]. Studies on the stress physiol-  physiological responses and performance of growing birds and laying
ogy of poultry have emphasized that corticosterone produced during  hens until the peak production (i.e. 35 weeks of age). The experimental
acute or chronic stress is one of the final hormones of the rationale was to assess the effect of corticosterone by using multiple

hypothalamic-pituitary-adrenal (HPA) axis cascade [1,7], and playsa  measures of stress including hen physiology and performance.
multifunctional role in the chicken's body through the alteration of

neuro-endocrine and immune components [2,25].
However, the effect of a repeated and long-term (chronic) corti- 2. Materials and methods
costerone administration to chickens during the rearing phase on
physiological and performance status in the subsequent laying period 2.1. Experimental design
has not been reported. This is of particular concern for laying-type
Experiments were conducted with 270 Hy-line brown layer
pullets. Four-week old birds were tagged and placed in stainless
* Corresponding author. Tel./fax: 4617 5460 1159. steel batteries, each holding six birds at a density of 5 birds per m? in
E-mail address: s.shini@uq.edu.au (S. Shini). an environmentally controlled house. Birds were allowed to adapt to
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the experimental conditions for 3 weeks. They were randomly
assigned to 3 treatment groups, each of which comprised 15 replicate
cages. Birds were moved to laying cages in the same room when they
were 16 weeks of age (1 week after the third treatment with corti-
costerone). The light regimen was adjusted according to the breeder's
recommendation and was appropriate for the rearing and laying
period. The temperature was kept between 22 4 2 °C during the entire
experimental period. An appropriate diet (grower-, finisher- and layer-
diet) and water was provided ad libitum during the whole exper-
imental period.

Our previous experiments with dietary corticosterone have shown
that administration of corticosterone in drinking water increased cir-
culating corticosterone above the baseline and induced effects similar
to responses to stressors [28,29]. Corticosterone (Sigma Aldrich Inc.,
St Louis MO, USA) was dissolved in alcohol (100%) and diluted in the
drinking water to achieve a final concentration of 20 mg/L. At 7, 11,
and 15 weeks of age birds were exposed for 1 week (to mimic the
effect of chronic exposure to stress) to the following treatments in
drinking water: corticosterone dissolved in alcohol (CORT), alcohol
(Ethanol), or untreated water (Control). To facilitate corticosterone
treatment, water was provided through a controlled bottle-pipe sys-
tem. All procedures conducted in this study were in accordance with
the “Australian Code of Practice for the Care and Use of Animals for
Scientific Purposes, 7th ed. (2004) and Model Codes of Practice for
the Welfare of Animals: Domestic Poultry, 4th ed. (2002) and were
approved by the Animal Ethics Committee of the University of Queens-
land, Australia.

2.2. Measurements

Every day of the experimental period, all birds were checked for
their health and welfare. Blood samples were taken from 15 randomly
selected birds in each treatment (1 per cage) before the treatments
started (day O or at 7 weeks of age), 7 days after each treatment (at 8,

12, and 16 weeks of age), and at 35 weeks of age. Whole blood was
collected into vaccutainers containing lithium heparin (BD Diag-
nostics, UK) and was used to measure haematological parameters in
an automated analyser (CELL-DYN® System 3700CS, Abbott Park, IL
60064). Results obtained from the haematology analyser were used
for the absolute and relative blood cell counts and to calculate hetero-
phil to lymphocyte (H/L) ratios. The blood samples were then centri-
fuged at 1500 xg for 10 min and the plasma was divided into two
aliquots and stored at — 20 °C for corticosterone and plasma metab-
olites measurements.

At 35 weeks of age, 6 birds per treatment were randomly selected
and euthanized to collect organs (spleens, livers and reproductive
tracts). Body weight (BW) and egg production i.e., hen day production
(HDP) were measured throughout the study until 35 weeks of age.

2.3. Plasma analysis

Corticosterone was measured by enzyme-immunoassay using a
commercial kit, OCTEIA CORT HS (Immunodiagnostic Systems Ltd.,
Bolton, UK). All samples were run in duplicate and kit calibrators and
controls were included in each analysis. Absorbance was measured at
450 nm, with a reference wavelength of 650 nm, in an ELISA microplate
reader (MRX® II Dynex Technologies, USA). Blood concentrations for
the plasma metabolites glucose (GLU), cholesterol (CHOL) and trigly-
cerides (TRG) were determined using commercial kits and a chemistry
system (VetTest chemistry analyser, IDEXX Laboratories, Inc. USA). The
inter-assay coefficients of variation for corticosterone, GLU, CHOL and
TRG were 9.2%, 8.4%, 8.1% and 6.9%, respectively. The intra-assay coef-
ficient for corticosterone was 3.9%.

2.4. Statistical analysis

Data were analysed using a two-way repeated measures ANOVA
for the effects of treatment and time on each variable (corticosterone,

Table 1

Effects of corticosterone administration on plasma corticosterone concentration, H/L ratio and plasma metabolites of laying hens at 7, 8, 12, 16 and 35 weeks of age®.
Parameters and Age*

treatments 7 weeks 8 weeks 12 weeks 16 weeks 35 weeks
CORT (ng/ml)

Control 414+0.15* 3.334+0.21Y 3.55+0.17Y 472 +£0.15Y 430+£0.15*
Ethanol 424 +017¢ 4.65+0.16Y 3.69+0.20Y 430+0.25Y 4.78 4+ 0.20*
CORT 4.30+0.12°% 13.5+£0.12%% 12.7 4 0.45%% 11.2 + 0183 5.33£0.15%%
H/L ratio

Control 0.22+0.03"* 0.22+0.02°Y 0.25+0.047Y 0.20+0.05"Y 0.3040.07**
Ethanol 0.24+0.01°% 0.2540.02%Y 0.24£0.01>Y 0.240.04 Y 0.32+0.04%"%
CORT 0.2340.02° 0.88 +0.07%>% 0.84 +0.047>% 1.08 £ 0.07>* 0.34 +0.03"%
GLU (mg/dl)

Control 2584 3% 257 +£9.0Y 2564 3.6Y 250454 2744+72*
Ethanol 259 + 3% 252 +3.6Y 2474+ 1.8Y 243 +£3.6Y 259 +1.8¢
CORT 260 £ 2% 448 +12.6* 369 £ 7.230% 328 £5.4°% 281 +£3.6%F
CHOL (mg/dl)

Control 86+ 1¢ 88 +5Y 90+3Y 9142 129 £ 4%
Ethanol 88+ 4% 89+3Y 90 +4Y 88 +2Y 13442
CORT 89+ 1°* 211 £72% 195 4 770 129 44> 130 £4>*
TRG (mg/dl)

Control 584 0.6% 62 +4Y 59 +3Y 59 +4Y 1118 £2%
Ethanol 5740.8* 58 +6Y 60 +5Y 58 +6Y 1165 £+ 4*
CORT 53 4 1.0°% 144 43P 166+ 5°* 123 £ 77 1168 4 5*

#Values are mean + SEM, n=15.

CORT = corticosterone; H/L = heterophil to lymphocyte; GLU = glucose; CHOL = cholesterol; TRG = triglyceride.

Control = untreated water treated; Ethanol = alcohol; CORT = corticosterone dissolved in alcohol.

*Data presented are at 7 (baseline), 8, 12, and 16 weeks (wks) of age (or 1 week after each corticosterone treatment), and at 35 weeks of age.
2-“Means with different superscripts within the same treatment differ significantly (*°P<0.05; *°P<0.01).

*YMeans with different superscript within the same time period differ significantly (*YP<0.05).



S. Shini et al. / Physiology & Behavior 98 (2009) 73-77

H/L ratios, GLU, CHOL, TRG, BW and HDP) at 7, 8, 12, 16 and 35 weeks
of age. Organ weights were compared between different treatment
groups using one-way ANOVA. Treatment means at the different times
were analyzed using the multiple range Duncan test for mean sepa-
ration, with significance set at P<0.05. Correlations between different
significant measures were determined using Pearson's correlation
coefficient. All analyses were performed using the GLM procedure of
SAS [23].

3. Results
3.1. Corticosterone, H/L ratio and plasma metabolites

The results for plasma corticosterone concentration, H/L ratio,
and plasma metabolites (GLU, CHOL, and TRG) at 7, 8, 12, 16, and at
35 weeks of age are presented in Table 1. At 7 weeks of age (before the
treatment started) there were no significant variations between and
within birds and groups (Control, Ethanol and CORT). Plasma cor-
ticosterone concentrations and H/L ratios were increased immedi-
ately (1 h post-first treatment with corticosterone; data not presented
here), and continued to remain elevated 1 week (i.e. at 8 weeks of age)
post-repeated treatment with corticosterone [CORT: F(3.32) =11.25,
P<0.01; H/L ratio F(3.32)=8.54, P<0.01] (Table 1), showing the
effectiveness of the treatment. However, repeated treatment with
corticosterone at 11 and 15 weeks of age did not supplementarily in-
crease plasma corticosterone concentration at 12 and 16 weeks of age
[F(3.50)=2.206, P=0.1 and F(3.50)=0.77, P=0.51; respectively]
compared to previous measurements (at 8 and 12 weeks of age,
respectively). When corticosterone delivery was interrupted plasma
corticosterone levels and H/L ratios were reduced (3 days later or on
day 10) and did not differ significantly compared to basal levels and
control and ethanol-treated chickens (data not shown). At 35 weeks
of age, plasma corticosterone concentration was unchanged [F(1.16 =
0.013,P=0.91] (Table 1), whereas H/L ratio was numerically increased
[F(1.16) =5.28, P<0.004] in all groups when compared to basal levels
(or 7 weeks of age), showing a significant effect of age. There was a
significant (P<0.001) positive correlation (Pearson's r=0.897) be-
tween plasma corticosterone concentration and H/L ratio.

Corticosterone treatment resulted in increased blood levels of GLU,
CHOL, and TRG. Dietary corticosterone caused a marked hyperglycae-
mia [F(2.27) =39.16, P<0.01] 1 week post first treatment (Table 1).
However, GLU levels were significantly lower 1 week after the second
treatment with corticosterone (at week 12 of age) compared to levels
at 8 weeks of age, yet significantly higher [F(2.23) =9.15, P<0.002]

#*

75

Table 2
Effects of corticosterone administration on BW and proportional weights of spleen, liver
and reproductive organs of laying hens at 35 weeks of age*.

Parameter’ BW (g) Spleen Liver Oviduct Ovary
¢/100 g BW g/100 g BW g/100 g BW g/100 g BW
Control 2051+£45 011+£001° 263+£0.14° 2494008 2.68+011°
Ethanol 2078428 011+0.01* 237+011° 251+013° 2.62+0.09°
CORT 18134+39° 0.07+001° 348+018° 1.65+0.05° 1.96+0.08°

*CORT administration was discontinued at 16 weeks of age.

Values are mean + SEM, n=6.

Control = untreated water treated; Ethanol = alcohol; CORT = corticosterone
dissolved in alcohol.

a-PMeans with different superscripts within the same column differ significantly (*°P<
0.05.

compared to control and ethanol treatment, and basal levels. The GLU
concentration continued to be significantly elevated also after the third
treatment with corticosterone, but was not significantly different
[F(1.5)=5.00, P>0.05) at 35 weeks of age (or ca. 20 weeks after last
treatment with corticosterone) compared to control and ethanol
groups and basal levels. The concentration of CHOL in the plasma was
increased after each treatment with dietary corticosterone, however,
the effect decreased with time [from 211 &+ 7 at 8 weeks of age to 129 +
4 at 16 weeks of age, F(2.27) =20.21, P<0.01; to 13044 at 35 weeks
of age, F(2.27)=10.30, P<0.01) but was not different between 16
and 35 weeks of age (P>0.05)]. At 35 weeks of age, there was a sig-
nificant increase in plasma CHOL concentration of all (corticosterone
and ethanol-treated and control) birds compared to basal levels.
Plasma TRG levels peaked after the second treatment with corticos-
terone [166+5; F(3.15)=23.70, P<0.01], declined after the third
treatment, and were significantly upregulated in all birds (indepen-
dent of treatments) at 35 weeks of age.

3.2. Body weight and organ weights

Exposing birds to repeated and chronic corticosterone adminis-
tration significantly affected BW (P<0.01) and proportional organ
weights (P<0.01) at 35 weeks of age (Fig. 1 and Table 2). At all mea-
surement points, corticosterone-treated birds had decreased body
weight compared to both control and ethanol-treated chickens
(Fig. 1). The decrease in BW started after the first week of treatment
with corticosterone (at week 8) and continued until 35 weeks of age
(end of the experimental period) even though corticosterone treat-
ment was discontinued at 16 weeks of age. Relative (proportional)
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Fig. 1. Body weight from 4 to 35 weeks of age in treated and control chickens. Control = untreated water treated; Ethanol = alcohol; CORT = corticosterone dissolved in alcohol;
Treatments with corticosterone were made at 7, 11 and 15 weeks of age. Values are mean + SEM, n = 90; *indicates a significant difference from respective control groups at that time

period (P<0.05).
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Fig. 2. Hen day production (HDP) (%) from 17 to 35 weeks of age in treated and control chickens. Control = untreated water treated; Ethanol = alcohol; CORT = corticosterone
dissolved in alcohol. Values are mean 4 SEM, n=90; *indicates a significant difference from respective control groups at that time period (P<0.05).

weights (g organ/kg BWx100) of spleen, liver, oviduct and ovary
are summarised in Table 2. At 35 weeks of age the proportional weight
of spleen was significantly lower in hens treated with corticoste-
rone as compared to control and ethanol-treated birds (0.07 4 0.01 vs.
0.11 £0.01), whereas liver weight was greater in corticosterone than
in the control and ethanol treatments, even though corticosterone
treatment was discontinued at 16 weeks of age. The decrease in body
weight and relative spleen weight of corticosterone treated chickens
were inversely proportional to the plasma corticosterone concentra-
tions (Pearson's r= —0.812; P<0.001). At 35 weeks of age ovary and
oviduct weights were lower (P<0.05) in corticosterone treated hens
compared to control and ethanol treatments.

3.3. Onset of lay and egg production

Elevated corticosterone significantly delayed (P<0.05) the onset
of laying cycle and decreased (P<0.01) egg production (Fig. 2).
Corticosterone-treated laying chickens initiated laying an average of
8 days later, and reached the peak of laying 4 weeks later than control
and ethanol-treated hens. Then, at 25 weeks of age egg production
started to decline in birds treated with corticosterone and was signifi-
cantly lower than both control and ethanol-treated hens (P<0.01) at
35 weeks of age.

4. Discussion

The purpose of this study was to investigate the effects of chronic
and repeated corticosterone administration in drinking water on
physiological response, the onset of lay and performance of growing
birds and laying hens. Overall, chronic (many times a day for 1 week)
and repeated (3 times, or each 4 weeks until start of lay) exposure to
corticosterone in drinking water elevated plasma corticosterone con-
centrations and H/L ratios to high physiological (stress-induced)
levels and indicated that the method was effective and comparable to
exposure to a chronic stressor. Additionally, it was shown that eleva-
tions of plasma corticosterone concentrations significantly alter met-
abolic processes and growth, and delay/reduce egg laying, which
reflects the biological cost of the adaptation process. These observa-
tions are in accordance with previous studies conducted in broilers
[12,20,21,33] and laying hens [4,18,29,34]. It should be pointed out that
there is limited data on the effect of glucocorticoids (GCs) on laying
hens. Mumma et al. [17] demonstrated that adrenocorticotropic hor-
mone (ACTH) delivery stimulated BW gain in adult layer hens. This
study indicates that the suppressive effects of exogenous corticoster-
one on BW can be persistent from rearing and throughout the laying

period. Previous studies with other laying birds have shown that exo-
genous GCs inhibit the rate of body growth and/or can be passed on to
the offspring of treated breeders [5].

Increases of both plasma corticosterone concentration and H/L
ratio, are the most sensitive and established indicators of stress re-
sponse in the chicken [10]. It should be noted that acute exposure
to the stressor causes a short-lasting and rapid increase in stress
hormones, with a tendency to returning to normal (baseline) once
the stressor is removed or is diminished (i.e., corticosterone admin-
istration). But, if the presence of the same stressor is chronic and
repeated, hormonal responses will be longer in duration and often
associated with adaptation and attenuation of stress response [19], as
demonstrated in this study. However, an understanding of plasma
corticosterone and H/L ratio responses to chronic and repeated stres-
sors separated by weeks requires an appreciation of the endocrine and
physiological status after an initial exposure and after the last stressor
exposure. It is vital that the HPA-axis response to the stressor is
maintained during chronic stress. Adaptation of the HPA axis to stress
relies on complex interplay between multiple body systems [8]. Con-
tinued elevation of blood corticosterone concentrations (long-lasting
stress) will cause prolonged alterations in many of the body's systems
such as immune, cardiovascular, gastrointestinal and reproductive
systems [25].

The present study simultaneously measured multiple physiologi-
cal (endocrine, immune, metabolic and reproductive) and perfor-
mance parameters in the same corticosterone-treated and control
birds from 7 to 35 weeks of age. Elevated plasma corticosterone con-
centrations consistently resulted in changes in most parameters
measured (at 8, 12, and 16 weeks of age) and consequently affected
laying performance of hens at the onset of lay until 35 weeks of age.
Apparently, the alteration of the mechanisms that regulate metabolic
processes participating in growth and/or egg production continued to
persist despite a decline in plasma corticosterone levels. Corticoster-
one added to the drinking water caused a shift in resources in the birds
from growth to the synthesis of lipids by activating gluconeogenesis
and glucogenolysis, and inhibiting GLU intake into peripheral tissues;
processes that led to the elevation of plasma GLU, increases in plasma
concentrations of CHOL and TRG 1 week post-each treatment, and
increase of liver weight (due to increase in fat content). Chronic stress
has been shown to result in a negative energy balance [1]. However, it
is difficult to describe the general hormonal and physiological changes
underlying this shift in metabolism during chronic stress because
results change across different model species (and their age) and dif-
ferent protocols (doses and routes of GC administration) and are not
necessarily comparable. In chickens, plasma GLU concentrations have
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been reported to increase [1,4,29] whereas TRG are reported to de-
crease [5] or increase [12,29]. The liver of corticosterone-treated birds
weighed significantly more than those of the control birds while the
ovary and oviduct were substantially regressed in the former. This
increase in liver weight was in agreement with Pilo et al. [18] who
studied the effects of corticosterone infusion on the lipogenic activity
and ultrastructure of the liver of laying hens.

Exposure of chickens to corticosterone during the rearing phase
caused reproductive failure manifested by a delay of first egg laid (for
about 8 days) and reduction of egg production during entire laying
period (in this experiment from 18 to 35 weeks of age). The reduc-
tion of reproductive performance associated with stress is a known
phenomenon in domestic birds [1,35]. In this study only 5% of birds
initiated laying at 17 weeks of age compared to 22-23% of birds in
control and ethanol-treated groups. Many studies have also docu-
mented an association between elevated levels of corticosteroids and
suppression of reproductive behaviour [16,30,31]. However, it is not
clear if the suppression of egg production is indicative of involvement
of corticosterone in metabolic changes associated with egg produc-
tion, or if it reflects a response to the energetic stress of reproduction.
Etches et al. [6] have shown that corticosterone may modulate the
responsiveness of the hypothalamus to gonadotropic stimuli and dem-
onstrated that exposure to corticosterone can alter the responsiveness
of some ovarian tissues to gonadotropins.

The results of the present study clearly support the hypothesis that
chronically elevated concentrations of plasma corticosterone inhibit
not only BW but also relative immune organ weight (such as spleen).
Involution of lymphoid organs i.e. spleen occurs in birds following
ACTH and corticosterone [26], and has been explained by the depletion
effect on lymphocytes from germinal cells [9].

It is clear that the neuro-endocrine and immune systems interact
to maintain homeostasis when an organism is under severe or chronic
stress. These systems utilize neurotransmitters, hormones, and cyto-
kines for communication and regulation of biological systems.
Catecholamines, GCs and cytokines all respond at first to help the
body adapt when stressors activate the HPA axis. Normally, a feedback
system protects the organism by down-regulating these mediators
[22], but continued elevation of stress mediators overwhelm the or-
ganism, resulting in biological consequences such as inhibition of im-
munity, growth and reproduction.

In this study, chronic and repeated exposure to corticosterone
caused a sustained elevation in plasma corticosterone concentrations,
indicative of prolonged stress. Based on the findings presented here, it
would appear that exposing laying pullets during rearing to chronic
and repeated corticosterone in drinking water might be an effective
method to investigate the effects of chronic stress on hen physiology,
laying behaviour and egg production during the later laying period.
The model may be useful in assessing the effects of production stres-
sors. Finally, it will be critical to determine how long corticosterone-
induced consequences will last, and to understand the mechanisms
that maintain these persistent changes and contribute to the endocrine
and immune interactions.

References

[1] Carsia RV, Harvey S. Adrenals. In: Whittow GC, editor. Sturkie's avian physiology.
5th ed. New York: Academic Press; 2000. p. 489-537.

[2] Cheng HW, Muir WM. Chronic social stress differentially regulates neuro-
endocrine responses in laying hens: 11. Genetic basis of adrenal responses under
three different social conditions. Psychoneuroendocrinol 2004;29:961-71.

[3] Davison TF, Flack IH. Changes in the peripheral blood leukocyte populations
following an injection of corticotrophin in the immature chicken. Res Vet Sci 1981;30:
79-82.

[4] Davison TF, Rea ], Rowell JG. Effects of dietary corticosterone on the growth and
metabolism of immature Gallus gallus domesticus. Gen Comp Endocrinol 1983;50:
463-8.

[5] De La Cruz LF, Illera M, Mataix F]. Developmental changes induced by gluco-
corticoids treatment in breeder quail (Coturnix coturnix japonica). Horm Metab Res
1987;19:101-4.

[6] Etches R], Petitte JN, Anderson-Langmuir CE. Interrelationships between the hypo-
thalamus, pituitary gland, ovary, adrenal gland, and the open period for LH release
in the hen (Gallus gallus domesticus). ] Exp Zool 1984;232:501-11.

[7] Freeman BM. The stress syndrome. World's Poult Sci ] 1987;43:15-9.

[8] Fulford AJ, Harbuz MS. An introduction to the HPA axis. In: Steckler T, Kalin NH,
Reul JMHM, editors. Handbook on stress, immunology and behaviour. Elsevier; 2000.
p. 43-62.

[9] Glick B. Antibody and gland studies in cortisone and ACTH-injected birds. ] Immunol
1967;98:1076-84.

[10] Gross WB, Siegel HS. Evaluation of the heterophil/lymphocyte ratio as a measure
of stress in chickens. Avian Dis 1983;27:972-9.

[11] Hangalapura BN, Nieuwland MG, De Vries Reilingh G, Buyse ], Van Den Brand H,
Kemp B, et al. Severe feed restriction enhances innate immunity but suppresses
cellular immunity in chicken lines divergently selected for antibody responses.
Poult Sci 2005;84:1520-9.

[12] LinH, Sui SJ, Jiao HC, Buyse J, Decuypere E. Impaired development of broiler chickens
by stress mimicked by corticosterone exposure. Comp Biochem Physiol A 2006;43:
400-5.

[13] Mashaly MM, Hendricks GL, Kalama MA, Gehad AE, Abbas AO, Patterson PH. Effect
of heat stress on production parameters and immune responses of commercial
laying hens. Poult Sci 2004;83:889-94.

[14] Maxwell MH, Hocking PM, Robertson GW. Differential leukocyte responses to
various degrees of food restriction in broilers, turkeys and ducks. Br Poult Sci 1992;33:
177-87.

[15] McFarlane JM, Curtis SE. Multiple concurrent stressors in chicks: 3. Effects on plasma
corticosterone and the heterophil/lymphocyte ratio. Poult Sci 1989;68:522-7.

[16] Moore FL, Zoeller RT. Stress-induced inhibition of reproduction: evidence of sup-
pressed secretion of LH-RH in an amphibian. Gen Comp Endocrinol 1985;60:252-8.

[17] Mumma O], Thaxton JP, Vizzier-Thaxton Y, Dodson WL. Physiological stress in
laying hens. Poult Sci 2006;85:761-9.

[18] Pilo B, Etches R], George ]C. Effects of corticosterone infusion on the lipogenic activity
and ultrastructure of the liver of laying hens. Cytobios 1985;44(179S):273-85.

[19] Pitman DL, Ottenweller JE, Natelson BH. Effect of stressor intensity on habituation
and sensitization of glucocorticoid responses in rats. Behav Neurosci 1990;104:
28-36.

[20] Post ], Rebel JM, Huurne AA. Physiological effect of elevated plasma corticosterone
concentrations in broiler chickens, an alternative means by which to assess the
physiological effects of stress. Poult Sci 2003;82:1313-8.

[21] Puvadolpirod S, Thaxton JP. Model of physiological stress in chickens. 1. Response
parameters. Poult Sci 2000;79:363-9.

[22] Sapolski RM, Romero ML, Munck AU. How do glucocorticoids influence stress
responses? Integrating permissive, suppressive, stimulatory, and preparative actions.
Endocrinol Rev 2000;21:55-89.

[23] SAS Institute. SAS/STAT® Software, Version 6.12 of the SAS System for Windows.
SAS Institute, Inc., Cary, NC, USA.1996.

[24] Scheele CW. Pathological changes in metabolism of poultry related to increasing
production levels. Vet Q 1997;19:127-30.

[25] Siegel HS. Stress, strains and resistance. Br Poult Sci 1995;36:3-22.

[26] Siegel HS. Age and sex modifications of responses to adrenocorticotropin in young
chickens: 1.Changes in adrenal and lymphatic gland weights. Poult Sci 1961;40:
1263-74.

[27] Siegel HS, Latimer JW. Interaction of high temperature and Salmonella pullorum
antigen concentration on serum agglutinin and corticosteroid responses in white
rock chickens. Poult Sci 1984;63:2483-91.

[28] Shini S, Kaiser P, Shini A, Bryden WL. Differential alterations in ultrastructural
morphology of chicken heterophils and lymphocytes induced by corticosterone
and lipopolysaccharide. Vet Immunol Immunopathol 2008;122:83-93.

[29] Shini S, Kaiser P, Shini A, Bryden WL. Biological response of chickens (Gallus gallus
domesticus) induced by corticosterone and a bacterial endotoxin. Comp Biochem
Physiol B 2008;149:324-33.

[30] Suter DE, Schwartz NB. Effects of glucocorticoids on secretion of luteinizing hormone
and follicle stimulating hormone by female rat pituitary cells in vitro. Endocrinology
1985;117:849-54.

[31] Suter DE, Schwartz NB, Rongstrom SJ. Dual role of glucocorticoids in regulation of
pituitary content and secretion of gonadotropins. Am J Physiol 1988;254:E595-600.

[32] Thaxton ]JP, Siegel HS. Immunodepression in young chickens by high environ-
mental temperatures. Poult Sci 1970;49:202-5.

[33] Virden WS, Thaxton JP, Corzo A, Dozier Ill WA, Kidd MT. Evaluation of models using
corticosterone and adrenocorticotropin to induce conditions mimicking physio-
logical stress in commercial broilers. Poult Sci 2007;86:2485-91.

[34] Van Niekerk T, Garber TK, Dunnington EA, Gross WB, Siegel PB. Response of white
leghorn chicks fed ascorbic acid and challenged with Escherichia coli or with corti-
costerone. Poult Sci 1989;68:1631-6.

[35] Williams JB, Etches RJ, Rzasa ]. Induction of a pause in laying by corticosterone
infusion or dietary alterations: effects on the reproductive system, food consump-
tion and body weight. Br Poult Sci 1985;26:25-34.



	Effects of chronic and repeated corticosterone administration in rearing chickens on physiology.....
	Introduction
	Materials and methods
	Experimental design
	Measurements
	Plasma analysis
	Statistical analysis

	Results
	Corticosterone, H/L ratio and plasma metabolites
	Body weight and organ weights
	Onset of lay and egg production

	Discussion
	References




